Abstract. The aim of the current study was to identify the genes on human chromosome 21 (HC21) that may serve important functions in the pathogenesis of Down syndrome (DS). The microarray data GSE5390 were obtained from the Gene Expression Omnibus database, which contained 7 DS and 8 healthy normal samples. The data were then normalized and the differentially expressed genes (DEGs) were identified using the LIMMA package and Bonferroni correction. Furthermore, the DEGs underwent clustering and gene ontology analysis. Additionally, the locations of the DEGs on HC21 were confirmed using human genome 19 in the University of California, Santa Cruz Interaction Browser. A total of 25 upregulated and 275 downregulated genes were screened between DS and healthy samples with a false discovery rate of <0.05 and |logFC|>1. The expression levels of these genes in the two samples were different. In addition, the up-and downregulated genes were markedly enriched in organic substance biological processes (P=4.48x10
Introduction
Down syndrome (DS) is one of the principal causes of mental retardation and congenital heart malformations, and is a complex disorder with genetic and metabolic components. It is attributed to the presence of three copies of chromosome 21 (1) , and presents various common clinical features. These include gastrointestinal disruptions, immune system defects and Alzheimer's disease-associated pathological and neurochemical alterations (2) . Bittles et al (3) established that DS affects 1/650-1,000 live births and is the most common genetic cause of intellectual disability, cognitive impairment and congenital heart defect in the human population (3) . Previously, DS was identified to be associated with an increased frequency of infections, hematological malignancies and autoimmune problems, in addition to being the leading cause of a variety of birth defects and medical conditions (4) . For these reasons, there is a requirement for identification of novel targets for this disease and investigation of the potential mechanism underlying DS.
Human chromosome 21 (HC21) is the smallest human autosome and an extra copy of it can lead to DS (5) . Thus far, a number of studies have identified an association between HC21 and DS. The presence of three copies of HC21 has been demonstrated to induce the overexpression of its resident genes, which may be the pathogenesis underlying the abnormalities occurring in DS (2) . Furthermore, several genes in HC21 have been detected to be associated with DS. For instance, as the product of an HC21 gene highly expressed in brain, heart and skeletal muscle, DSCR1 is overexpressed in fetal brains of individuals with DS (2). In addition, the contribution of microRNAs (miRNAs) to DS has been investigated, and studies indicate that HC21-derived miRNAs are overexpressed in the brains and hearts of patients with DS (6). Although several HC21-associated genes have been identified to be involved in the development of DS, the whole genome has not been studied.
In the current study, the HC21 genes associated with DS were screened based on the whole genome expression. The differentially expressed genes (DEGs) between DS and normal specimens were identified, and then their functions were analyzed by gene ontology (GO). The locations of these DEGs were identified and the HC21-associated genes that may be involved in the development of DS were screened.
Materials and methods
Affymetrix data. The Gene Expression Omnibus (GEO) database of the National Center for Biotechnology Information is the largest entirely public gene expression resource, and includes 214,268 samples and 4,500 platforms (7). The chip data GSE5390 (8) Data preprocessing and identification of DEGs. The original microarray data were normalized using the mean method, which aimed to adjust the data for effects that were due to variation in the technology, rather than biological differences (9) . Subsequently, the LIMMA package (http://www.bioconductor. org/packages/release/bioc/html/limma) in R language (10) was utilized to identify DEGs and the Bonferroni correction in multtest package (http://www.bioconductor.org/packages/ release/bioc/html/multtest.html) (11) was applied, resulting in adjusted P-values, and identification of the false discovery rate (FDR) (12) . FDR<0.05 and |logFC|>1 were selected as the thresholds.
Clustering analysis. Clustering algorithms are used for the task of class identification in spatial databases. Previously, a study identified that the same tissue can exhibit significantly different expression levels under varied conditions (13) . Therefore, clustering analysis was conducted for the DEGs between DS and healthy normal samples (14) . The results were then visualized using Treeview (http://www.jam-software. com/virtual-treeview/) (15) .
DEGs between the two groups. Based on the above processes, the up-and downregulated genes between DS and normal samples were screened. The t-test (16) was used to detect significant differences between groups.
Functional analysis. The Database for Annotation, Visualization, and Integrated Discovery (DAVID; http:// david.abcc.ncifcrf.gov) bioinformatics resource consists of an integrated biological knowledge base and analytic tools. These are aimed at systematically extracting biological meaning from large lists of genes or proteins (17) . GO terms are significantly overrepresented in a set of genes from three aspects, including the cellular component, molecular function and biological process (18) . In the present study, GO analysis was performed on the up-and downregulated genes based on a hypergeometric distribution algorithm. GO terms with P<0.05 were screened for further analysis.
Location of DEGs on chromosomes.
The University of California, Santa Cruz Interaction Browser (UCSCIB) (http:// sysbio.soe.ucsc.edu/nets) is an online tool for biologists to simultaneously view high-throughput data sets in order to analyze functional relationships between biological entities (19) . In the current study, the locations of DEGs on chromosomes were detected based on human genome 19 in the UCSCIB, and all DEGs on HC21 were selected for further analysis.
Results
DEGs. Subsequent to preprocessing of the microarray data, the normalized data were presented as in Fig. 1A . Based on the LIMMA package, a total of 300 DEGs were identified with an FDR<0.05 and |logFC|>1, including 25 upregulated and 275 downregulated genes.
Clustering analysis. The expression data were extracted and underwent clustering analysis, the result of which is displayed in Fig. 1B . The expression of DEGs was significantly different between DS and normal samples (FDR<0.05). A clear difference between the colors in the two groups can be observed.
Analysis of the DEGs. The t-test was used to compare the gene expression in the DS and healthy groups (Fig. 1C) . The results demonstrated that the differences between the control and DS groups were significant, with the smallest P-value in the upregulated genes (P=2.2x10 -6 ).
GO analysis. In the present study, DAVID was used to conduct GO enrichment analysis of up-and downregulated genes. Up-and downregulated genes were observed to be significantly enriched in 17 and 11 biological processes, respectively (P<0.05; Table I ). The downregulated genes, including PCSK1, FGF9, NPTX2, CRH, TAC1, HOMER1 and SST were significantly enriched in the cell-cell signaling term (P=0.000227). By contrast, upregulated genes, including ATP6V0E1, tetratricopeptide repeat domain 3 (TTC3), collagen type VI α2 (COL6A2) and ATP binding cassette transporter G1 (ABCG1)
were significantly associated with organic substance biological processes (P=4.48x10 -10 ).
Gene location and analysis. The chromosome locations of all DEGs were detected, and DEGs on HC21 were collected. It was observed that all the DEGs located on HC21 were upregulated genes in the 21q21-22 area. A total of 17 DEGs were located on HC21, including COL6A2, DSCAM, TTC3, ABCG1, SON, SLC5A3, ITSN1, PIGP and CSTB (Table II) .
Discussion
As the principal genetic cause of mental retardation, DS is a genetic disorder resulting from full or partial trisomy of HC21 (20) . In the current study, the genes on HC21 that were associated with DS were identified. Microarray data that included DS and healthy normal samples were collected and DEGs between these two groups were identified. The expression levels of these genes in the two samples were significantly different, particularly the overexpressed genes. The functions of these genes were analyzed using GO and the results suggested that there was a clear enrichment of DEGs in organic substance biological processes and cell-cell signaling. Furthermore, based on UCSCIB, 17 upregulated genes were identified in the 21q21-22 area, which may be involved in the development of DS. Based on original data GSE5390, a total of 300 DEGs, including 25 up-and 275 downregulated genes, were identified between DS and normal samples. In addition, using clustering analysis and comparison of the expression data between the groups, it was observed that the expression of these DEGs was significantly different between the DS and normal samples, with a greater difference in upregulated genes. These results indicate that genetic variation may induce DS and that the overexpressed genes may be key in this process. Thus, further attention is required for upregulated genes in the pathogenesis of DS.
The function of these DEGs was analyzed by GO. Once the DEGs between DS and normal samples had been identified, the function of these genes in the development of DS were predicted. The results demonstrated that the upregulated genes were enriched in 17 biological processes, and the most significant was in response to organic substance biological processes (P=4.48x10 -10 ). This term represents any process that results in a change in the state or activity of a cell or an organism (including movement, secretion, enzyme production and gene expression) as a result of a stimulus from an organic substance. A total of 39 upregulated genes, including ATP6V0E1, TTC3, COL6A2 and ABCG1, were enriched in this biological process, suggesting that by disturbing this term, the overexpressed genes may induce DS. Additionally, the downregulated genes, including PCSK1, FGF9, NPTX2, CRH, TAC1, HOMER1 and SST, were significantly enriched in cell-cell signaling (P=0.000227). This term denotes any process that mediates the transfer of information from one cell to another. This observation indicates that the downregulated genes affect signaling between cells, which may result in DS.
The locations of the identified DEGs were investigated. In the current study, the aim was to identify genes on HC21 that may induce DS, hence these were the genes that were focused on. The results indicated that the DEGs on HC21 were all upregulated and were mainly in the 21q21-22 area. In detail, 17 overexpressed genes were identified on HC21, including TTC3, COL6A2, ABCG1, SIK1 and PIGP. Notably, the overexpressed genes (TTC3, COL6A2 and ABCG1) were enriched in response to the organic substance biological process. This observation suggests that these genes on HC21 may induce DS by disturbing the response to the organic substance-associated biological process. COL6A2, on the 21q22.3 has previously been detected in several medical conditions, including Ullrich congenital muscular dystrophy (21) , congenital heart defects (22) and progressive myoclonus epilepsy syndrome (23) . ABCG1, on the 21q22.3 mediates the transport of cholesterol from cells to high density lipoprotein (24) . In addition, this substance serves a function in the immune response and protects against oxidative stress-induced macrophage apoptosis during efferocytosis (25) (26) . TTC3, on the 21q22.3, is one of the supernumerary genes in the DS critical region (27) , and is involved in neuronal cell differentiation (28) . These genes are notable candidates for the learning disability and cerebral cortex dysplasia observed in DS. Furthermore, the DEGs of the same area, such as PIGP and SIK1, may also be involved in the development and progression of DS. In the present study, candidates for involvement in the initiation and progression of DS were identified on HC21. Notably, the DEGs on HC21 were all overexpressed genes and were significantly enriched in response to organic substance biological process. These observations indicate that the overexpression of ABCG1, TTC3 and COL6A2, which are located on the 21q21-22 area, may induce DS by disturbing several biological processes. The work of the current study may provide therapeutic targets for DS and aid in the elucidation of its pathogenesis.
